Background The number of dementia patients will increase over the next decades. However, we lack information on the geographic distribution of these patients. We aimed to describe the variation of dementia prevalence and to then compare the observed to expected prevalence.
Introduction
Dementia is a disease with major impact on patients and their caregivers as well as the health system itself; it is related to disability as well as to increased mortality. 1 -4 According to the 2005 Delphi consensus study, 24 million persons are suffering from dementia worldwide. For North America, the authors estimated 3.4 million affected persons in the year 2001, with a steep future increase to between 9 and over 11 million by 2040, depending on the estimates. 5 -8 Globally, the prevalence of dementia has been shown to vary across countries likely due in part to differences in demographics, education and genetics, but also likely due to different approaches to screening and diagnosis. 9 -12 Even though the disease poses major challenges for patients and the health system in the near future, there are no nationwide studies on the regional variation in prevalence of dementia across the USA.
Existing prevalence studies in the USA are typically based on in-person assessments for cohorts selected from urban areas 7,13 -15 combined with demographic data to estimate prevalence for the larger population 16, 17 (see also Refs 18, 19) . For example, a state estimation published by Hebert et al. 12 in 2004 was based on one of the larger urban studies, the Chicago Health and Aging Project, combined with US Census data. 20, 21 The only nationally representative sample is the Aging, Demographics, and Memory study (ADAMS), a subsample of the Health and Retirement Study; however, the low-region-specific sample size in that study does not allow a prevalence calculation by state. 22 An up-to-date estimate of the dementia prevalence is crucial for health services planning to ensure that the needed services can be provided for patients-not only on a national level but also for states.
Yet, we lack the comprehensive epidemiological data on which to make accurate estimates for all the regions and diverse populations that make up the USA. Due to the prohibitive expense and complexity of obtaining that primary data, we need to rely on other sources, such as diagnostic information in medical records. The Medicare claims data are one source for diagnosed dementia and several studies have reported on its good specificity and fair sensitivity. 23 -26 As a result, we know that claims data alone likely underestimate the true prevalence by missing earlier disease. Moreover, there may be differences in disease ascertainment related to differences in recognition of symptoms and willingness to document the disease based on patient cultural or physician practice norms. Previous studies have shown that clinician and patient factors (such as, problematic communication between the physician and the patients or stigmatization of the disease) contribute to whether dementia is recognized and documented by the physician. 27 -30 In addition, different state policies, such as funding for elder services and outreach into the community, could influence whether a person will be identified with dementia. If large gaps in expected numbers of dementia cases compared with actual cases are identified, many elements of disease ascertainment could potentially be modifiable.
The aim of this study is to describe the degree of regional variation of diagnosed dementia prevalence using Medicare claims data for the entire USA and to compare those rates with expected rates based on epidemiologic estimates applied to US Census data. By state, we determine whether there are regions in which under-documentation of dementia may be present.
Methods
This study is based on a 20% random sample of Medicare beneficiaries in the year 2008.
Medicare is the US governmental health insurance for people over 65 as well as those under 65 with certain disabilities. Generally, all US citizens or permanent residents over 65 who paid into social security are eligible for Medicare. In 2008, 47.9 million people were enrolled in Medicare. For this sample, those ,65 years (7.8 million) were excluded, as well as beneficiaries who were not in Fee-for-Service Medicare (16.6 million) (see https://www.ccwdata.org/web/guest/ medicare-data; https://www.cms.gov/Medicare/MedicareGeneral-Information/MedicareGenInfo/index.html). The sample is created by Centers for Medicare and Medicaid Services based on the ninth digit of the unique identifier used by Medicare. Included beneficiaries had to be enrolled in Part A and B the entire year and be 65 years and older. Beneficiaries were identified as dementia patients if they had one claim with the diagnosis of dementia using the ICD-9 codes included in the Chronic Condition Warehouse dementia definition. Included diagnosis codes (ICD-9) were as follows: 331.0, 331. 
Observed prevalence
The observed claims-based prevalence is calculated nationally, by demographic categories using beneficiary characteristics found in the Medicare denominator file, and for each state. These crude rates for the single states were then standardized to the US population size, age and sex distribution (as of 2010 31 ).
Expected prevalence
For comparison with epidemiological estimates, we used the most up-to-date prevalence estimates for the USA which are from the World Alzheimer Report 2009 32 (see also Ref. 33 ). This report shows the results of a meta-analysis based on published data across regions worldwide. We used the North American estimates that included the USA and Canada; however, the age-and sex-specific prevalence of dementia was based on US studies only. The report included published studies on the prevalence of dementia for those aged 60 and older. Only studies with some age stratification could be included; the meta-analysis shows the prevalence for dementia by age groups and gender. Due to the limited number of studies and sample sizes in those studies, other factors (such as race/ethnicity, socio-economic background) could not been taken into account. For the USA, six studies were used for the meta-analysis, one of which based on a nationally representative sample. 32 The national prevalence rates given in the World Alzheimer Report use different age groupings than those in our Medicare cohort. We therefore reweighted the World Alzheimer Report's prevalence rates by applying the age groups for men and women in the US 2010 Census population and calculated the national expected prevalence based on those epidemiologic estimates. 31 To examine the expected number of dementia patients for each state, we used the age-and sex-specific prevalence of the World Alzheimer Report 2009 and applied it to each state's Medicare fee-for-service population. We estimate the crude number of cases for the entire population by inflating the observed cases in the 20% sample by 5. We then calculated the percentage difference between observed and expected number of dementia patients.
All data analyses were performed using the Statistical Analysis Systems SAS (Version 9.2); the map of the regional distribution was made with ESRI ArcGIS 10.0. The prevalence results and the percent difference between observed and expected are mapped in quintile categories.
Results
A total of 4.8 million persons aged 65 and older were included in this study. The overall observed prevalence of dementia in the Medicare sample was 8.5% (Table 1) . It increased from 2.8% for the persons aged 65-74 to 24.9% in the group aged 85 and older. The prevalence for women is higher than for men (9.94 versus 6.39). The prevalence is also noticeably higher in blacks and Hispanics compared with whites and other ethnicities.
To control for regional variation due to different demographic structures in the states, we age-and sex-adjusted our study sample to the US population (based on the Census 2010). 31 State prevalence rates are highly variable ranging from 6.0 to 9.6% (Fig. 1) . The highest prevalence rates are found in the South and East (highest prevalence in Texas, Mississippi and Louisiana), whereas the lowest prevalence is found in the Central North and West (lowest prevalence in South Dakota, Arizona and Minnesota).
The national Medicare rates are similar to the expected prevalence rates found in primary data studies. The World Alzheimer Report reports an overall prevalence of 6.5%; this however includes all persons aged 60 and older. After our recalculation of their results using Census data to match the age range in our study, the national prevalence for persons aged 65 and older in the USA would be 8.4% (7.4% for men and 9.8% for women, respectively) compared with the Medicare rate of 8.5% (Table 1) . This national rate, however, masks significant variation in the difference between observed and expected prevalence across the states.
We find that some states have higher and others lower than the epidemiologic estimates would suggest (Table 2) . Table 2 shows the actual number of diagnosed dementia patients and the number we would expect based on the state population and the prevalence estimated of the World Alzheimer Report. While in some states, the number of diagnosed patients exceeds the estimated number, the prevalence is underestimated in the majority of states; in California alone, we would expect over 21 000 more persons with a dementia diagnosis. The percent difference between the observed and estimated expected per state is shown in Table 2 . The highest discrepancies between the observed diagnosed prevalence and the estimated prevalence are seen in South Dakota and Arizona, where the number of diagnosed patients is under 70% of the expected prevalence. On the high side, the diagnosed prevalence exceeds the expected by over 10% in Texas and Mississippi. Based on the observed prevalence by states and the expected prevalence in this cohort, we estimate that over 100 000 people with dementia are not diagnosed with the disease across the USA in fee-for-service Medicare.
Discussion

Main finding of this study
Our results show that while the national rate of diagnosed of dementia is similar to epidemiologic estimates, the prevalence rates vary widely across states, even after adjusting for age and sex differences. Some areas, especially in the southeast, show somewhat higher prevalence rates than expected, while states in the Midwest and West show markedly lower prevalence relative to expected. The difference between observed and expected prevalence rates translate nationally in 100 000 people with dementia who may be unrecognized.
What is already known on this topic
The World Alzheimer Report 2009 includes the most recent available epidemiologic studies on nationwide dementia prevalence. However, it does so as a meta-analysis combining results of studies derived from a variety of settings, most of them urban samples. The estimates hence have the limitations of the underlying study data. Reviews and meta-analyses that combined the results of prevalence estimations 32, 34 have concluded that the different prevalence results across studies are largely explained by the difference in definitions of dementia used. 35 Yet, the consistency of prevalence found internationally (i.e. to the prevalence in Western Europe, where a broader database could be included) lends credence to the validity of 
What this study adds
While the national rate aligns with estimates, state-specific rates vary significantly from the estimated sex and age-adjusted prevalence. There are three main potential explanations for the differences between observed and expected state prevalence rates. First, it is possible although unlikely that the 'real' prevalence varies between the states in such a way to generate national rates that align with estimates. Second, the epidemiological estimates could be inaccurate for any given state due to differences in the socio-demographic make up of the population of each region. And third, there may be regional differences, in clinical practice or in attitudes towards dementia, that lead to variation in disease recognition and documentation.
The epidemiological estimates used to calculate expected prevalence account for gender and age; age being the main risk factor for dementia. 36 A limitation of those estimates is that important factors that influence the incidence of dementia, such as educational background and genetics, are not taken into account. 22,36 -41 From a small area regional perspective, differences between communities in population educational attainment could influence expected rates. The genetic variations in small populations could also influence the incidence, but we do not believe for regions as large as states that this factor would be a large component.
The higher than expected prevalence found in some southern states may be explained by incomplete adjustment for population characteristics. In the south, there are higher rates of low income, low education and also a higher concentration of African Americans. The correlation between dementia and race/ethnicity is very uncertain. Some studies report a higher prevalence for Hispanics and African American older adults compared with Caucasians; however, those differences were 22, 42 The differences in prevalence between ethnicities are probably a complex combination of genetics, cardiovascular risk factors, education and socio-economic status, as well as cultural perceptions about aging that influence both the recognition as well as the treatment of dementia. 43 -45 While inaccuracy of the epidemiologic estimates plausibly can explain higher than expected prevalence rates of dementia in some regions, it is difficult to argue that the areas with very large under-ascertainment could be the result of failing to adjust for genetics or education. A more likely explanation of under-ascertainment is that older adults with dementia symptoms in those areas are either not recognized or not diagnosed. Part of the explanation could be that claims data are less likely to capture early-stage dementia cases. 23, 24 There is not a clear reason, however, why the low sensitivity of claims would be different in one state compared with another. Alternatively, there are likely other differences that lead to regional differences in diagnosed dementia: differences in efforts to educate the community about the disease, in access to providers who are confident in making the diagnosis, medical practice norms toward identification and availability of resources that influence the desirability of a dementia diagnosis label. 46 There is not any evidence in the existing literature that can help unpack these potential root causes of regional differences in under-diagnosis. We do know that patients and caregivers feel a sense of stigmatization or taboo regarding the diagnosis. 30 Patients may need to understand whether there is any added value to their overall care by obtaining a diagnosis. Some potential advantages are the opportunity to do advanced care planning or to access medications or support services that target people with dementia. 47 Some states may offer more support services, which make the value of a diagnosis to the individual higher.
Communication issues between the physician and the patients and his/her caregivers have also been implicated in delayed or lacking diagnosis. 30 Like patients, physicians may not historically have seen benefit in applying the label, 48 although that may be changing with the introduction of medications onto the market. Providers may recognize the disease but not document it out of similar concerns as patients or out of discomfort with diagnostic criteria or management strategies. In addition, they may not be screening patients for dementia. While some argue that early identification could help patients and their families, it is not yet universally accepted in the USA. 47,49 -51 Individuals might benefit from an early diagnosis if embedded in an advanced care management plan, but there are also concerns about harms. 52 A review of potential harms of screening did not identify enough studies to demonstrate harms but suggested a positive screen might have an implications on long-term care insurability and may lead to depression or anxiety. 47 Given the absence of disease modifying therapies for early disease, the US Preventive Services Task Force determination on screening for dementia was that it is unknown whether the benefits outweigh the costs. 51 At the same time, cognitive screening has been shown to be acceptable to the general public, 53 -56 and it is required as part of the Medicare Annual Wellness Visit as of 2012. 57 The mixed messages about the value of screening likely translate into inconsistent practices in clinician offices across the USA.
Limitations of this study
The observed prevalence is based on claims data that are subject to misclassification of diagnosis. Prior studies demonstrate that while specificity of claims is very good, sensitivity especially for early-stage disease is only good. 23, 24 As a result, the under-ascertainment we detect may preferentially miss early-stage dementia patients. And as noted above, the sources for calculating expected prevalence only provide adjustment factors for gender and age when other population factors may also be influencing results. In addition, our regional analysis is also not adjusted for the state variation in mortality. One could argue that with higher life expectancy the survival with dementia might also be longer, influencing the prevalence. However, comparing our results with the age-adjusted death rates by states, the regions with the highest observed prevalence rates are those with higher mortality rates. 58 Overall, mortality is therefore not likely to explain the variation in dementia or differences in observed to expected prevalence.
Conclusion
As the baby boom generation advances in age, the number of dementia patients will increase dramatically over the next decades. From a policy perspective, there is great value in understanding the true scope and burden of the dementia in the population and particular in each state. Many health policy decisions concerning dementia patients are made on a state level (such as Medicaid policies around nursing home use). As the demographic shift occurs, states must adjust their strategies to provide access to long-term care, develop the workforce and fund these services largely through Medicaid programs. So care planning has to be done now to address the needs of this future generation of older adults. This study shows that the number of cases may not fall evenly across all US states and hence may require different levels of state-level planning. In addition, there is a potentially significant number of people with dementia who remain unrecognized in the Medicare system. Greater understanding of how to bring people with dementia to attention of health-care providers and how resources can be optimally planned to the growing population with dementia are important areas for future research, and it also needs clinical as well as policy attention.
